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Foreword

Read-across is a field rapidly evolved in the last few years. Used for decades by the
assessors to refine their judgment, it is widely applied for instance in the majority of
the registration dossiers submitted to the European Authority for Chemicals (ECHA).
For its wide use for authorization of substances, authorities such as ECHA (for the
industrial chemical in Europe), EFS A (for food safety in Europe), SCCS (for cosmetic
products in Europe), and US EPA (for chemicals in the USA) indagated the possible
uses of read-across, introducing guideline documents, proposing specific tools, and
promoting discussion about a formal way to proceed.

From a scientific perspective, read-across evolved from a manual exercise, done
on a few substances, toward a more complex approach where multiple, heteroge-
neous kinds of data are used, and this requested the use of computers. The manual
comparison of the structures has been substituted by the use of computer methods for
similarity. This at the same time simplified the work and allowed for screening much
larger databases. The structural similarity still remains the pillar of read-across, but
other levels of information have been progressively added. Initially, the structural
similarity was considered sufficient to perform the exercise, leaving to the expert
the manual assessment associating other considerations. Today, the approaches, on
a conceptual level and from a computational point of view as well, require further
properties to be added and combined in the read-across exercise. The biological simi-
larity, the toxicokinetic behavior, and the physico-chemical properties are some of
the most popular ingredients in the modern read-across.

These multiple metrics for similarity increased the possibility of getting an accu-
rate evaluation, exploring the different factors contributing to the behavior of the
target substance. At the same time, this increased the level of complexity and opened
new questions related to the way to integrate contributions deriving from eclectic
components.

In some aspects, this kind of evolution is related to the evolution of the QSAR
models. These models, initially very focused on specific groups of similar substances,
evolved into tools with the ambition to cover all the substances, in principle. This
required multiple descriptors, more data, and better algorithms.



vi Foreword

The process of the evolution of the QSAR and read-across resulted in some cases
of hybrid tools, merging the experience from the two areas, QSAR and read-across,
originally separate.

The interest of the assessor is the evaluation of the substance. The technicalities
associated with the specific approach, such as QSAR or read-across, may represent
a barrier and not always a help for the assessor. It is time to move toward a closer
integration between these separate tools and approaches, in the interest of exploiting
at the best all data and methods and achieving a more accurate assessment of the
substances.

Emilio Benfenati

Istituto di Ricerche Farmacologiche
Mario Negri IRCCS

Milan, Italy



Preface

Predictive cheminformatics is taking center stage in several applied fields including
drug design, computational toxicology, materials science, agricultural science,
nanosciences, food science, etc. Identifying the pattern governing the changes in
responses (biological activity/toxicity/property) with changes in molecular struc-
tures and properties is the main focus of cheminformatics. Molecular similarity
plays a very important role in understanding such relationships. Quantitative struc-
ture—activity/property relationships (QSARs/QSPRs) developed based on the molec-
ular similarity principles have been used for predictive modeling, molecular design,
and mechanistic interpretation of chemical-biological interactions for a long time.
Read-across, a non-statistical data gap-filling approach used in chemical regulatory
aspects, also uses the similarity concept not only concerning the chemical structures
but also properties, toxicity, toxicokinetic, and toxicodynamics aspects. Although
the original form of read-across is justification-based, recently several attempts have
been made for the quantitative consideration of similarity and consequent predic-
tions in a quantitative read-across approach. In the case of QSAR, the identification
of important contributing features is an important step. Most of the transparent QSAR
models are also able to quantify the contribution of individual descriptors toward the
response being modeled. In the case of quantitative read-across, quantification of the
contributions of individual features is not straightforward. On the other hand, quan-
titative read-across may also be applicable for the predictions from a limited number
of source compounds, as it is a non-statistical approach. To combine the advantages
of read-across and QSAR, recently these two techniques have been merged into
a new field of quantitative read-across structure—activity relationship (q-RASAR).
This approach uses various similarity- and error-based descriptors with or without the
original chemical descriptors to generate QSAR-like models in a statistical frame-
work. The similarity considerations are made in a machine learning approach while
the final modeling approach may involve simple linear regression or the development
of more sophisticated machine learning models. In the -RASAR algorithm, RASAR
descriptors are computed for a query compound not from its chemical structure or
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property, but from its close congeners in the source set based on similarity consid-
erations. Thus, the prediction aspect is introduced at the level of descriptor compu-
tation, and such models show superiority in the external prediction performance for
various endpoints in comparison to the corresponding QSAR/QSPR models using
the same level of chemical information. In addition, different RASAR descriptors
are computed based on several chemical/biological descriptors, and thus they may
work like latent variables of partial least squares regression problems. Hence, even-
tually, a lower number of RASAR descriptors may work well in comparison to a
higher number of chemical regressors (chemical descriptors), especially when the
training set size is limited. Due to an increase in the quality of external predictions, the
g-RASAR modeling approach has been applied for several biological activities, toxi-
city, and materials property endpoints with demonstrated success. In addition to the
regression problems, RASAR has also been applied for classification problems (clas-
sification RASAR or c-RASAR) and also for developing interspecies correlations
(quantitative read-across structure-activity-activity relationships or RASAARSs). The
RASAR concept also addresses the aspects of activity cliffs and applicability domain
through different similarity coefficients and plots. There is a provision for the appli-
cation of g-RASAR in multi-endpoint and multi-target modeling and also to relate
a particular biological effect caused by a chemical to a molecular initiating event
in an adverse outcome pathway. Further exploration of the g-RASAR approach in
modeling hitherto unexplored pharmaceutical endpoints is warranted. The progress
in the g-RASAR research is being updated on the page https://sites.google.com/site/
kunalroyindia/home/rasar. The present SpringerBrief will introduce ‘q-RASAR’ to
the readers with a basic concept of cheminformatics and QSAR. We hope that the
researchers in the field will find this novel approach interesting for further modeling
of various complex biological or non-biological endpoints.

Kolkata, India Kunal Roy
November 2023 Arkaprava Banerjee
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